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ABSTRACT 

A simple model of ship's motion i s  described and used in the design of 
vertical ichthyoplanktons tows. The velocity of the net, as i t  i s  affected by 
rol l ,  heave and retrieval rate, i s  plotted for the duration of the tow. After 
simulating various conditions the retrieval rate may be specified that 
minimizes extrusion of soft bodied organism and i s  s t i l l  sufficient t o  
prevent stalling and back flushing of the net; the model may also be used t o  
specify the sea state a t  which field operations should be suspended. 

INTRODUCTION 

The CalCOFI (California Cooperative Oceanic Fisheries Investigation) 

Vertical Egg Tow (CalVET) was designed t o  collect pelagic fish eggs occurring 

from 70 m depth to the surface. Design specifications included a 0.05 in2 net 

aperture, 0.87 m2 f i l ter ing surface and .333  mm nylon mesh net. 

specifications dictated that the net be deployed a t  70 m/min, allowed t o  rest 

a t  depth for 10 sec, and retrieved vertically a t  70 m / m i n .  

Operational 

(Figure 1). 
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FIG. 1. The CalVET n e t  i s  r e t r i e v e d  v e r t i c a l l y  f rom 70 m depth  and i s  
designed t o  sample p e l a g i c  marine f i s h  eggs. F i s h  abundance 
i s  determined by re1  a t i  ng egg p roduc t i on  t o  a d u l t  f e c u n d i t y .  
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The retr ieval  r a t e  specif ied was a compromise between the desire  t o  

minimize extrusion of s o f t  bodied organisms t h r o u g h  the meshes o f  the  net  and 

the necessity t o  overcome the downward veloci ty  caused by the ships  r o l l .  A s  

the  ship r o l l s ,  i n  response t o  surface waves, the end o f  the winch boom 

traverses  a ver t ical  arc .  

upward velocity of the net  frame then the net will collapse and i t s  contents 

will be "pumped" out. The upward veloci ty  of the end of the winch boom adds 

t o  the re t r ieva l  velocity a n d  thus aggrevates the extrusion problem. 

minimize losses  caused by extrusion and puinping the retr ieval  r a t e  should be 

j u s t  great  enough t o  overcome s t a l l i n g  caused by the sh ip ' s  r o l l .  

I f  the downward velocity of the boom exceeds the 

To 

The specif ied re t r ieva l  r a t e  of 70 m/min was a n  i n i t i a l  estimate of the 

The present study re f ines  the estimate o f  optimum re t r ieva l  

Given the ships  

optimum ra te .  

r a t e  by using an analyt ical  descr ipt ion of s h i p ' s  motion. 

design charac te r i s t ics  and the sea s t a t e ,  the optimum retr ieval  r a t e  i s  

specified; a r a t e  which will minimize the  l o s s  of material caused by extrusion 

and pumping. 

MODEL 

Roll - 

Ship ' s  ro l l  i s  a function o f  the  design charac te r i s t ics  of the vessel ,  

sea s t a t e  and t o  a l e s s e r  extent  the wave period. 

i s  a charac te r i s t ic  response t o  most surface waves a n d  the  half angle of the 

ro l l  i s  an indicator  of sea s t a t e .  Ship ' s  r o l l  motion may be t rans la ted  i n t o  

The ro l l  period of the ship 

ationship of the end o f  the  winch 

terms a r e  re la ted i n  the  f igure  

ver t ica l  motion o f  the  net  by knowing the  re  

boom t o  the  sh ip ' s  center  of gravi ty .  These 

bel ow: 
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where R = radial dis tance from center  of gravi ty  ( C / G )  t o  the  end 

of the  winch boom, 

V = ver t ica l  distance from C / G  t o  end o f  boom a t  i t s  res t ing  

posi t ion,  

e = angle from t h e  horizontal ,  C / G  t o  end o f  boom, 

X = varlable  = ver t ica l  position of the  end of the boom where 

u p  i s  posi t ive and down i s  negative. 

The motion o f  the  ship may be described by l e t t i n g  

A = half angle of s h i p ' s  r o l l ,  

P = period o f  sh ip ' s  r o l l ,  

t = variable  = time. 

A time dependent descr ipt ion of the s h i p ' s  angular motion ( y )  i s  thus: 
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y = A Sin (F). 
45 

So t h a t  the vertical position of the end of the boom ( X I  relative t o  C/G i s :  

X = R Sin (8 f y) 

X = R Sin (Arcsin ( v / R )  + A Sin (y)} 
and  the velocity of the end of the boom i s :  

d t  = R(A)(F)COS(F)COS (Arcsin (V/R) + A Sin(?)). 

Heave of the ship i s  defined as the vertical motion experienced by a 

vessel as a wave passes under the hull. 

as  a Sin wave: 

Ocean swell may be represented simply 

where 

Xw = vertical displacement (heave) o f  the ship, 

H = height o f  the swell (trough t o  peak), 

Pw = period o f  the swell (peak t o  peak). 

Vertical velocity due t o  heave is :  
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R/V DAVID STARR JORDAN 

RADIAL DISTANCE FROM CG TO END OF Boon Cm): 
VERTICAL DISTANCE FROM CG TO END OF Boon Cm) 
ROLL PERIOD < m a d :  14 
NET DEPLOYMENT RATE Cm/mln)i 68 
NET RETRIEVAL RATE < n / m i n ) i  60 
ANGLE OF HALF ROLL C d q r m r r ) :  15 
HEIGHT OF SWELL Cn)i 2 
PERIOD OF SWELL Cmrc>i 18 

7 
: s  

- R o t r  l *va I 

D ~ p l o y m o n t  

-3 t--1 
RADIAL DISTANCE FROM CG TO END OF BOOM <m) 
VERTICAL DISTANCE FROM CG TO END OF BOOM Cm) 
ROLL PERIOD (SIC) 14 
NET DEPLOYflENT RATE Cm/mtn) 78 
NET RETRIEVAL RATE Cm/mln) 70 
ANGLE OF HALF ROLL Cd0gro.s) 15 
HEIGHT OF SWELL Cm) 2 
PERIOD OF SWELL (sac) 10 

7 
5 

b 

- 3 L  

FIG. 2. The e f f e c t  of  n e t  r e t r i e v a l  r a t e  on the  v e r t i c a l  v e l o c i t y  o f  
t h e  net.  
Jordan and a "wors t  case" sea s ta te .  

S imu la t ions  were conducted f o r e  the  R/V David S t a r r  
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RADIAL DISTANCE FROM CG TO END OF BOOM C m ) :  7 
VERTICAL DISTANCE FROM CG TO END OF BOOM Cm>: 5 
ROLL PERIOD C C O C ) :  14 
NET DEPLOYMENT RATE (m/mln): 80 
NET RETRIEVAL RATE Cm/mln>. 80 
ANGLE OF HALF ROLL < d o g r r o c ) ~  15 
MEIGHT OF SWELL C m ) :  2 
PERIOD OF SWELL CSOC) :  10 

3 r  I 

C 

FIG. 2 (cont inued)  

Movement o f  the  Net 

The ver t ica l  veloci ty  o f  the  net  ( S I  i s  estimated a s  the  sum o f  the  

ver t ica l  motions o f  r o l l ,  heave and net  re t r ieva l  (N): 

S = N t - - + >  dx d x  
d t  d t  

EXAMPLE 

Velocity o f  the net  during re t r ieva l  i s  the c r i t i c a l  var iable:  i t  should 

always be greater  than zero t o  prevent l o s s  o f  sample by pumping and should 

not exceed 2 m/sec t o  prevent l o s s  of sample by extrusion.  The sh ip ' s  design 
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R/V SCORPIUS 

RADIAL DISTANCE FROM CG TO END OF BOOM Cm):  3.5 
VERTICAL DISTANCE FROM CG TO END OF BOOM C d r  2.5 
ROLL PERIOD Crre): 7 
NET DEPLOYMENT -RATE Cm/m I n) : 
NET RETRIEVAL RATE C m / m l n ) :  60 
ANGLE OF HALF ROLL Cd*gr**e): 15 
HEIGHT OF SUELL Cm): 2 
PERIOD OF SUELL Ce-c):  10 

OB 

R o t  r I ova I 

Doploymont 

-3 t - - l  
RADIAL DISTANCE FROM CG TO END OF BOOM (I): 3.5 
VERTICAL DISTANCE FROM CG TO END OF BOOM C m > :  2.5 
ROLL PERIOD (sac): 7 
NET DEPLOYMENT RATE Cm/min): 70 
NET RETRIEVAL RATE (m/mln>: 70 
ANGLE OF HALF ROLL (dogrmor): 15 
HEIGHT OF SWELL C m > :  2 
PERIOD OF SUELL (SIC): I0 

' o v a  I _I 

b 

- 3 L  I 

F I G .  3. The e f f e c t  o f  n e t  r e t r i e v a l  r a t e  on t h e  v e r t i c a l  v e l o c i t y  o f  
the n e t .  
a " w o r s t  case" sea s t a t e .  

S i m u l a t i o n s  were conducted for the R / V  Scorpius and 
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RADIAL DISTANCE FROM CG TO END OF BOOM Cm) 3 5 
VERTICAL DISTANCE FROM CG TO END OF BOOM Cm) 2 5 
ROLL PERIOD ( s ~ c )  7 
NET DEPLOYMENT RATE C m / m i n )  80 
NET RETRIEVAL RATE C m / m l n )  60 
ANGLE OF HALF ROLL C d e g r e e s l  15 
HEIGHT OF SUELL Cm> 2 
PERIOD OF SUELL Ccec) I0 

3 r  I I 

C 

I -3 L 

FIG. 3 (continued) 

characteristics and sea s ta te  are specified and the time course of net 

velocity can be plotted; the existence and extent of critical velocities may 

be determined from visual inspection of the plots. 

I assumed ship design characteristics similar t o  the R/V David Starr 

Jordan and also t o  a vessel one-half her size, similar t o  the R/V Scorpius. I 

assumed the ship's half-roll angle t o  be 15"; i .e.,  CalVET sampling would be 

suspended during sea states which caused ship's roll t o  exceed 15" from the 

vertical. 

circumstances are thus "worst case" and the simulations were made a t  different 

retrieval rates in a search for the minimal rate which will prevent pumping 

(Figures 2 and 3 ) .  The simulation may also be run (Figure 4 ) , a t  different 

sea states and s h i p  designs, as a sensitivity study. 

specified f o r  suspension of operations due t o  weather f o r  specific vessels. 

I further imposed a 2 m swell with a 10 sec period. The 

Criteria may be 
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R/V DAVID STARR JORDAN 

RADIAL DISTANCE FROM CG TO END OF BOOM Cm) 7 
VERTICAL DISTANCE FROM CG TO END OF BOOM (m) 5 
ROLL PERIOD Ccec) 14 
NET DEPLOYMENT RATE Cm/minl 60 
NET RETRIEVAL RATE Cm/min> 60 
ANGLE OF HALF ROLL Cdegreesl I0 
HEIGHT OF SUELL Cm) 2 
PERIOD OF WELL Csecl I0 

R - t r l e v o l  

a 

Deployment 

-3 

RADIAL DISTANCE FROM CG TO END OF 6 0 O M  Cm): 7 
VERTICAL DISTANCE FROM CG TO END OF BOOM C m l :  5 
ROLL PERIOD Csec): 14 
NET DEPLOYMENT RATE Cm/min): 50 
NET RETRIEVAL RATE Cm/mln) 50 
ANGLE OF HALF ROLL <degrees) 15 
HEIGHT OF SUELL Cml 0 
PERIOD OF SUELL (set) I0 

R e t r i e v a l  

b 

FIG. 4. The e f f e c t  of sea s t a t e  on t h e  minimum n e t  r e t r i e v a l  r a t e .  
S i m u l a t i o n s  were conducted f o r  t h e  R / V  D a v i d  S t a r r  Jordan. 
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RECOMMENDATION 
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I f  f i e l d  operations continue under conditions i n  which the  s h i p ' s  half- 

r o l l  angle does not exceed 15" and i f  the ground swell does not exceed 2 m 

( t r o u g h  t o  peak), then the  optimal net re t r ieva l  r a t e  i s  70 m/sec on both the 

R / V  David S t a r r  Jordan (Figure 2 )  and the R / V  Scorpius (Figure 3 ) .  

m/sec "pumping" i s  evident (Figures 2a and 3a) ;  a t  80 m/sec the veloci ty  of 

the net exceeds 2 m/sec f o r  a considerable amount of time (Figures 2c and 3c) .  

A t  60 --- 

The s h i p ' s  heave due t o  ground swell generates inore sampling problems 

than the  s h i p ' s  r o l l .  

operations were suspended when the s h i p ' s  half-rol l  angle exceeded 10" (Figure 

4 a ) .  However the retr ieval  r a t e  could be lowered t o  50 m/sec i f  there  were 

negligible motion due t o  heave (Figure 4b) .  

The R / V  Jordan could re t r ieve  the net a t  60 m/sec i f  




